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Abstract: 
To solve the topology optimization of complicated multi-objective continuous/discrete design variables in aircraft structure design, a 
Parallel Pareto Genetic Algorithm (PPGA) is presented based on grid platform in this paper. In the algorithm, the commercial finite element 
analysis (FEA) software is integrated as the calculating tool for analyzing the objective functions and the filter of Pareto solution set based 
on weight information is introduced to deal with the relationships among all objectives. Grid technology is utilized in PPGA to realize the 
distributed computations and the user interface is developed to realize the job submission and job management locally/remotely. Taking 
the aero-elastic tailoring of a composite wing for optimization as an example, a set of Pareto solutions are obtained for the decision-maker. 
The numerical results show that the aileron reversal problem can be solved by adding the limited skin weight in this system. The algo-
rithm can be used to solve complicated topology optimization for composite structures in engineering and the computation efficiency can 
be improved greatly by using the grid platform that aggregates numerous idle resources.  
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1  Introduction1 
Presently, there are many difficulties in the re-
searches and applications of optimization for large 
complicated composite structures. The computation 
accuracy and efficiency can not satisfy the demand of 
engineering[1-3]. In this paper, a multi-objective com-
posite optimization based on grid platform is devel-
oped by integrating the grid technology and commer-
cial FEA software to the genetic algorithm (GA). The 
commercial FEA software is utilized as the analysis 
tool to achieve the accuracy for the engineering re-
quirement. And the system is applied to solve the 
multi-objective optimization problem of composite 
structures.  
2  System Description 
                                                 
*Corresponding author. Tel.:+86-10-82316579 
E-mail address:iace_chwy@163.com 
The system architecture consists of 4 layers, as 
shown in Fig 1. In the basic platform layer (grid 
platform), the grid system over the different re-
gions of China is established by the BOINC[4] 
software. In the application software layer, the 
commercial FEA software is used for calculating 
the objective functions. In the optimization algo-
rithm layer, both single and multiple objective op-
timization algorithms are presented for selection. 
In user interface layer, a friendly web portal is de-
veloped for users. 
 
Fig.1  The system architecture 
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The characteristics of the system include: 
① The commercial FEA software is utilized 
as the analyzing tool to keep the accuracy of cal-
culation for the engineer requirement. 
② The grid technology is introduced to make 
full use of the hardware and software resources and 
realize the parallel computation, therefore, the 
computation time could be reduced and the com-
putation efficiency could be improved significantly. 
③ The standard user interface layer in web 
portal form is developed by integrating the grid 
technology, genetic algorithm and hardware/ soft-
ware resources to realize the functions such as 
submitting the jobs, job management, monitoring 
the optimization process and observing the interim 
and final results locally and remotely. 
The algorithm of this system includes (Fig.2): 
input the initial information including FE model, 
variables and constrains, etc; in GA module A, the 
objective function information is dealt with by 
Pareto GA, and the population chromosomes are 
generated randomly or from the information of the 
previous generation; the datum files (feasible pro- 
ject set) for FEA are formed from the chromosome 
information; in the grid computation environment, 
the feasible project set is divided into some job 
 
Fig.2  The flow chart of grid genetic algorithm 
units and dispatched to local/remote computation 
nodes through the grid Job Schedule Server; the 
numerical results are sent back to the Server after 
parallel computations; after having collected the 
results of all job units, the next generation will be 
generated by the GA operations in GA module B 
which performs the operations of selection, cross-
over and mutation and obtains the useful informa-
tion, then the results of modul B will return to GA 
module A. Therefore, the computation could be 
completed and the satisfactory solutions can be 
obtained after necessary or certain loops. 
3  Multi-Objective Genetic Algorithm 
3.1  Continuous/discrete design variables 
In the research, the design variables include 
adding layer thickness, adding layer angle and the 
adding layer sequence. According to the applica-
tion situation and the given constraints, the high-fi-
delity real-coding method may be chose to deal 
with the continuous variables and the Grey-coding 
method, to deal with the discrete variables. In order 
to obtain the best global solution with given ac-
curacy, the Grey-coding method is used to deal 
with the adding layer sequence. 
3.2  Multi-objective functions and constrains 
Being different from the traditional optimiza-
tion method, the Pareto GA searches various direc-
tions simultaneously. The searching directions are 
determined by a group of weights that are regularly 
distributed in the feasible region. The weights can 
represent as many as possible searching directions. 
Finally all Pareto solutions can be found, which 
form the Pareto front set. 
(1) Normalization 
To accurately evaluate the individual fitness 
in the whole population, the weighted departure 
function is utilized to normalize the objective 
functions as follows: 
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where Fj(xi) represents the fitnes of the jth objec-
tive fitness fj for the individual xi, fj and f j ,0 are the 
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jth optimal and initial objective values. 
(2) Nominated relationship evaluation based 
on weight information 
Firstly, the number of Pareto solutions n is 
determined. Secondly, a group of weight ratio is 
constructed to reflect the searching directions of all 
Pareto solutions. Then the n values of fitnesses are 
figured out according to the Eq.(2). Sequence of all 
individuals can be found by fitnesses for n search-
ing directions respectively, and then the best and 
worst individuals are found and placed into the 
Pareto filtering pool. The kth Pareto solution fit-
ness for the ith individual xi is given by: 
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where Fk(xi) is the kth Pareto solution fitness for 
individual xi, ps is the population size, n is the 
number of search directions, wj,k is the weight of 
the jth objective in bulk fitness, which is con-
strained by 
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(3) Elitist preserve strategy  
Comparing with standard genetic algorithm, 
in Pareto GA, the n worst individuals in Pareto 
filtering pool are replaced with the n best individu-
als in all directions to keep the convergences in all 
searching directions. 
4  Grid Technology 
In this research, the grid technology is used to 
achieve efficient, high performance parallel com-
putation based on peer-to-peer (P2P) computation 
by utilizing the distributed computer resources. 
According to the implicit parallel characteristic of 
GA, the evaluation process of the individuals, the 
most time-consuming step, is divided into some 
job units and dispatched to local/remote computa-
tion nodes through the internet by Job Schedule 
Server. Each computation node carries out FE 
analysis independently. After finishing the compu-
tation, the numerical results are sent back to the 
Server, together with the application for new job 
unit till all job units completed. The architecture 
structure of the integrated system is shown in 
Fig.3. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The grid system automatically checks out the 
software resources in all nodes, and then dis-
patches job units to usable nodes for computing. 
The feasible project set is submitted to the Job 
Schedule Server in the form of the input file for 
FEA software. After the FEA computation in grid 
system, the datum is got by the self-designed in-
terface program, and then the fitness can be figured 
out from Eqs.(1)-(3) and be sent back to the Server. 
5  Multi-Objective Optimization for 
Composite Wing Structures 
The aileron reversal problem of a large-aspect 
ratio composite wing is taken as an example. In this 
case, the lifting coefficient ΔCz is negative and the 
rolling movement coefficient ΔCmx is quite low when 
the aileron rolling in flight. It is required to increase 
the aileron efficiency (ΔCz to be positive and ΔCmx to 
be increased as great as possible). To realize the goal, 
some new layers are added in the optimal position of 
the laminate with the optimal ply angle in each step 
to form the unsymmetrical and unbalanced compos-
ite laminate, which could improve the aerodynamic 
characteristics and aileron efficiency. The problem is 
described as follows 
Computing nodes 
①User submit the initial parameters by the Grid Portal; 
②Write optimization information in database through Web Server; 
③Get the information from database and generate the populations, 
 then enter the optimization loop by Job Schedule Server; 
④Dividing and dispatching of individuals evaluation jobs; 
⑤Collecting the computation results from computing nodes and gen-
erating the generation populations; 
⑥Recording in database if convergent and satisfied; 
⑦U th i t i fi l lt
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where  f1(x) is the 1st objective function ΔCz, f2(x) 
is the 2nd objective function ΔCmx; x1 and x2 are 
adding layer number and adding layer angle re-
spectively. tmin is the minimum adding layer 
thickness, and tlayer is the thickness of original 
laminate. 
The optimization is performed by 60 steps. 
The Pareto front set conposed of 9 non-dominated 
Pareto solutions is shown in Table 1. In Table 1, w1 
and w2 represent the weight ratios corresponding to 
ΔCz and ΔCmx , and ΔW represents the percentage 
weight of the adding layer to skin laminate.  
ΔW0(%) represents the value of ΔW when ΔCz is 
equal to zero. At the initial state, ΔCz is equal to 
-0.092 56 and ΔCmx is equal to 0.486 33. From 
above results, both ΔCz and ΔCmx have been im-
proved with the increase of the skin weight. Al-
though different variation occurs due to the pref-
erence degree, ΔCz can become positive and ΔCmx 
can be improved, which provides various optional 
schemes for decision-maker.  
Table 1  Pareto optimization salutions in all design states 
Projects Objective(ΔCz=0.0) Objective (ΔW=60%) 
 w1:w2 ΔW0/% ΔCmx ΔCz ΔCmx 
1 100:1 33 0.535 078 0.051 807 0.552 318
2 10:1 33 0.536 028 0.051 296 0.552 358
3 5:1 34 0.542 083 0.049 266 0.557 449
4 3:1 35 0.546018 0.048 232 0.559 39 
5 2:1 36 0.550217 0.047 103 0.562 417
6 1:1 38 0.553 964 0.042 011 0.564 248
7 1:2 39 0.554 179 0.039 588 0.565 152
8 1:5 42 0.556 731 0.026 325 0.566 353
9 1:10 53 0.565 587 0.009 888 0.569 395
The 6th project in Table 1 is taken as an ex-
ample. In this project, the weights of ΔCz and  
ΔCmx in bulk fitness are the same. The connections 
between objective functions, design variables and 
percentage of adding weigh are shown in Figs.4-6 
respectively. The adding layer angle in laminate is  
 
Fig.4  Relationship between objectives and weight 
added 
convergent around 45°, which reveals the bend-
ing-twist couplings of unsymmetrical and unbal-
anced laminates. The skin thicknesses of optimized 
composite wing are shown in Figs.7,8. By means 
of grid system, the analysis time can be reduced 
greatly in comparing with the single personal com-
puter (PC), which is shown in Table 2. 
 
Fig.5  Relationship between adding layer number and  
weight added 
 
Fig.6  Relationship between adding layer angle and weight 
added 
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Fig.7  The skin thickness of wing when ΔCz =0 
 
Fig.8  The skin thickness when adding 60% weight 
Table 2  Computation efficiency 
Exhausted time Computation 
environment 
CPU 
Individual/s Each step/h 660 steps /h
Single PC 1 12 21.8 1 309 
Grid system 20 1.058 5 1.925 115.5 
6  Conclusions 
The multi-objective optimization system for 
composite structures based on grid platform is de-
veloped in this research by integrating the grid 
technology and multi-objective Pareto GA. The 
commercial FEA software is utilized as analysis 
tool to keep the accuracy for engineering require-
ment. By means of grid technology, it is capable to  
improve the computation efficiency and make full 
use of the hardware and software resources in dif-
ferent regions. The system makes it possible that 
the optimization of complicated composite struc-
ture can be realized in engineering. 
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